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We, Daimler-Benz Akhentgesellschaft, 
of Stultgait-Unterturkhdiiij Grennany, a 
Company organised under the laws of Ger- 
many, do hereby declare -the invention, for 
wMdi we pray diat a pa-tent may be granted 
to us, and tjie method by which it is lx> be per- 
formed, to be parriculariy described in and by 
ithe following statement: — 

The invention relates to an axially slidable 
shaft or like joint or coupling, particularly 
for motor vehicles, of the Mnd in which joint 
pants connected respectively to driving and 
driven members, are provided with iirclined 
grooves, ancifiiction Mis guided in a cage 
being engaged between opposed grooves for 
the transmission, of the torque. Joinls or coup- 
Hngs of dris kind are sometimes Imown as 
syndhronising joints. 

Tlie invention has for its object 4x) improve 
and simplify joints of the kind referred to so 
"diat they can be used more advantageously 
ft>r pov«rer transmission in motor vehicleSj for 
example for driving the steered wheels of 
vdH<^ widi front wheel drive. 

Aocording -to the invention, each pait of the 
joiot has disposed in it a number, divisiible 
by two, of fadical grooros located in a cylin- 
dTi<^ surface, and preferably <rf large pitch, 
the grooves being gltemate of kft-4iand and 
tig^t-hand pitch, and eadhi ball bring gitsded 
in a groove having of lefit-haiid ptdi in one 
joint part and a groove of riglit-hand pxtch in 
the odier part. 

This improved airangpment provides for 
precise synchronism of lie balls bein^ in ai- 
gagement at the same lame in every axid posi- 
tion of ^ parts and in each direction of rota- 
tion. Also, rolling friction occurs in the main 
direction of loading and no axial forces act 
externally of the joint. Finally, joint parts of 
short length and small dimeter can be 
aclueved and the joints can be manufactured 
easily and economically. 

One part of the joint may be a sleeve havmg 
a cylindrical m^nd. surface and the other 



part, which enters the sleeve, may be provided 
with a double conical extmial surface with 
the bases of the cones towards one another 
and & rounded transition ■ between the said 
bases. The cage for the balls may have its in- 
ternal and external surfaces doubly conical 
form with a rounded transition. 

In a modffication, 'both parts of the joint 
may have the aforesaid doubly conical and 
rounded formation, the cage for the balls in 
this case being a cyilndric^ sleeve. 

The openings in tie cage for guiding the 
balls are dimensioned so that an the ax?ial 
direction they corre^ond to the diameter of 
the balls but, in the peripheral direction, have 
a lengdi greater than tte said diameter. 

Surfaces in the cage for guiding the balls in 
the axial direction may be made deep^ in the 
radially inward direction at the openmgs for 
the balls. In one arrangement bands or webs 
estendmg axially may be formed on the inter- 
nal surfajce of the cylindrical cage. In another 
arrangement, die matmal at the edges of the 
openings may be bent inwardly of tiie cage. 

The accompanying diawings iMustraite ex- 
amples of tte axtangements embod^^g l&e 
inventrrai and in these drawings: — 

Figure 1 is a longitudinal section through a 
joint in whidx the sleeve part of the joint is 
cylindrical, biit the ball cage and inner joint 
part have a double conical formation. 

Hgure 2 is a de^^lq)ed plan or diagram 
illustrating die portions of die balls engaged 
m the grooves and slots €i t}ie pasrts seen in 
Hgure 1. 

Figure 3 is a lon^tn£nd sa?tion dirough a 
mod^ed arrangemenit in whidi <tihe sleeve part 
presents a double conical formation and the 
cage is cylindrical. 

Figure 4 is an exploded perspective view of 
the joint m Figure 3, ^ ^ 

Figure 5 is a perspective view of a modified 
cylindrical cage, 

Figure 6 is a cross section on the line VI — 
VI in Figure 5, and 
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Figure 7 is E cro33 Section siuular to Figure 
6 of a further modified cylindrical cage. 

The axiall7 slidable synchronising joint or 
coupling shown in Figure 1 comprises a sleeve 

5 part Ij a male part 2 inserted in the sleeve 
part 1, balls 3 for transmitting torque from 
one part to the other, and a ball cage 4. 

From Figure 2, it can be seen that the in- 
terior 6 of the sleeve 1 is formed with helical 

10 grooves 5, 5^ of large pkch, the grooves 5 
being of left4iand pitch and alternating with 
the grooves 5^ of right-hand pitch. The 
total number of the grooves 5, 5* must be 
divisible by two. Similarly, correspondmg 

15 grooves 7, 7^ are formed on the cylindrical 
external surface 8 of the male part 2. Each 
ball 3 lies in a groove 5 of left-hand pitch in 
the sleeve part 1 at the point of the inter- 
section of such groove 5 v?ith a groove 7^ of 

20 right-hand pitch in the male part 2, or in a 
groove 5^ of right-hand pitch in the sleeve 
part 1 and at the point of the intersection of 
such groove 5^ wi& a groove 7 of left-hand 
pitch in "die male part 2. 

25 As shown in Figure 1, the internal surfaces 
9 of those portions of the sleeve 1 v/hich lie 
between the grooves 5, 5^ arc cylindrical, while 
the external sinface 10 of the male part 2 has 
the form of a double cone with the conipil 

30 parts base towards base, a rounded transition 
11 bemg provided between Ti« bases. The 
cage 4 for the balls 3 is also provided both at 
its outer surface 12 and at its inner surface 13 
with a similar double conical formation and 

35 a rounded transMom In the cage 4, slots 14 
for the balls 3 are provided and these slots 
have a width, m the axial direction of the 
joint, about equal to the diameter of the balls 
3, \rfiilst their length in the peripheral direc- 

40 don is greater. 

The intersections of associated grooves 5, 7^ 
or 5S 7 in the sleeve 1 and on the male part 
2 determines die positions of the balls 3 which, 
due to tl» Gig^ 4, aU lie in one plane of cross 

45 section, as for example the pla^ marked 16 
inFigmel. 

On axial d^lacement of the male part 2 
in relation to the sleeve 1 by, for example, the 
distance 15 in Figure 1, the points of inter- 

50 section of each two assodated grooves, 5^, 7 
or 5, 7^3 and hence the balls 3 situated at such 
points are displaced by half the distance, sub- 
stantially in the same way as the ball cage of 
a ball bearing turns at half the speed of the 

55 inner race. On axi^ displacement, tiierefore, 
the cage 4 moves half as far as the inner body 
2. On tiie other hand, if the jomt is bent, for 
example throu^ the angle the mean plane 
of the cage 4 and hence of the ring of bails 3 

60 is displaced into a plane 16 through a half of 
the angje of bending, so lhat synchronism is 
a<iieved. 

Since half of the grooves in each part have 
a left-hand pitch and the other half a right- 
65 hand pitch, ihe axial forces or axial com- 



ponents of the forces acting between the balls 
3 and the groove neutralise each other inside 
the joint and dierefore there is no axial com- 
ponent acting externally. The cage 4 has no 
special guidance, but is held only by the balls 70 
3 themselves. It is, however, advantageous for 
it to bear against the cylindrical surface 9 in 
order to avoid ratde. 

With any symmetrical angular and axial 
movement of one part of the joint in relation 75 
to the other (Le. of the sleeve 1 in relation to 
die male part 2), for which the plane of die 
balls 3 in the starting position is the plane 
of symmetty of the movement, the balls 3 re- 
mam in that plane of symmetry. At the same 80 
time, all the balls 3 contribute fuUy to tiie 
transmission of the torque, irrespective of die 
direction of rotation. 

The sleeve 1 may be helically broached and, 
after hardening, may be ground with a rela- 85 
tivdy large grinding whed set at an angle. It 
is not necessary for the balls 3 to bear on the 
entire bottoms of the grooves 5, 5^; 7, 7K 
Bearing against the flanks of the grooves is 
suflScient. The grooves m the male part 2 may 90 
be milled, for example by hobbing, and 
ground after hardening. The cage 4 may be 
formed from a tube and die slots 14 may 
be broached 

The joint illustrated in Figures 3 and 4 95 
differs from that of Figure 1 mainly in that 
the inner surface 9^ of the sleeve 1 has the 
above-described double conical formation with 
a rounded transition 17 between the bases of 
die cones and the cage 4^ is a cylindrical tube. 100 
This jomt is somewhat simpler to produce 
than that of Figure 1. In addition, rather 
deeper gn)oves 7, 7* arc obtained in the inner 
body 2, so that better bearing of the balls 3 
results. Otherwise the joint has the same 105 
manner of operation as die joint of Figure 1. 

A different form of the cage 4^ of Figure 3 
is fllustrated by Figures 5 and 6. In that 
region of the cage 4^ in which the balls 3 
are guided in the axial direction in die slots 110 
14, bands or webs 18 are provided on the 
made of the cage, so that ±e guiding surfaces 
19 are deepened radially inwards at the said 
slots. It Is thus possible to make the cylin- 
drical cage 4^ larger in diameter and to make 115 
the grooves 7, 7* in the male part 2, which 
would not otherwise be as deep, of the same 
depdi as the grooves 5, 5^ in the outer part 
Heavier wear of the male part is ^ thus 
avoided. For the same purpose, the material of 12O 
the sleeve 4^ may alternatively be bent radi- 
ally inwards, as shown at 20 in Figure 7. 

WHAT WE CLAIM IS:— 

1. An axially slidable joint in which the co- 
acting joint parts conneaed to driving and 125 
driven members arc provided ^ with helical 
grooves in which balls guided in a cage are 
provided for transmitting the torque, each part 
of the joint being provided with a number, 
divisible by two, of helical grooves located on 130 
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a cylindrical surface, which grooves have alter- 
nately left-hand right-hand pitch, and 
each ball 'bedng guided in one part of the joint 
in a groove ^di a l^-haod -gSstxh and in die 

5 fiandpitch. 

2. A joint according to dUtim !> Whendn 
one part of the joint is a sleeve with a cylin- 
drical internal surface and the odaer part is a 
male part with an excemal surface of the f oim 

10 of a double cone with a rounded transition 
and -the cage has internal and external surfaces 
of the form, of a double cone a rounded 
transition. 

3.. A joint according to dain 1, wherein 
15 one part of the joint is a sleeve with an in- 
ternal surface of tht form of a doub-le cone 
with a rounded transition, tie Oitlier part is a 
male pairt with ks external surface of the 
form of a double cone with a rounded transi- 
20 tion and the <^ge is a cylindrical sleeve. 

4, A joint according to any one of claims 
1 to 3, wherein openings in the cage for guid- 
ing the balls have a dimension in the axial 
direction substantially equal to the diameter 



of the balls, but have a larger dimension in 25 
the peripheral direotion. 

5. A joint acccHR^g to claim 3 or 4, where- 
in the surfaces in liie cage for guiding the 
balls hi the aadai ddrecdon are made deeper 

in the radially inward direction. 30 

6. A joint according to claim 5, wherem 
bands or webs ex?tending in the axiai diceodon 
are provided on the internal surface of die 
cylindrical cage, so as to make the guidmg 
surfaces deeper at the openings for :the baJk. 35 

7. A joint according to cfeim 5, wherein 
the material of the cylindrical cage is bent in- 
wardly in the regim of die surfaces for guid- 
ing the balls in the arial dit^on. 

"8. A joint substantially as hereinbefore de- 40 
scribed witji reference to Figures 1 and 2, 
Figures 3 to 6 or Figure 7 of die accompany- 
ing dzawihgs. 

PNSEN & SON, . 
AgMits for the Applicants, 
77, CShancery Lane, London, V.CZ. 
Chartered Patent Agents. 
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